Abstract. Microcolonial structures have been harvested from desert rock samples for cultivation and ultrastructural examination. The results indicate that these microcolonial structures are fungi previously unrecognized as inhabitants of desert rocks.
The scarcity of moisture and nutrients and the high temperatures encountered combine to make desert rocks one of the most inhospitable habitats on earth. Nonetheless, lichens inhabit rock surfaces in some desert regions where they produce macroscopic colonies (1) , and algae colonize crevices in desert rocks (2) or grow endolithically in a zone beneath the surface of the rock (3) .
We have observed microcolonial structures on desert rocks, even those that have no detectable lichen or algal growth and are exposed well above soil level. Even when examination of the rock surface with the unaided eye shows no evidence of colonization ( Fig. 1, top) , a hand lens or dissecting microscope reveals the microcolonial structures ( Fig. 1, bottom) .
These microcolonial structures appear to be very common rocks in the Mojave Desert and in the Sonoran Desert in the vicinity of Phoenix, Arizona, where most of our fieldwork has been conducted. We have found them on the air-rock interfaces of most of the rocks we have examined from these areas, including samples of basalt, granite, chert, and caliche. Samples sent to us from other arid areas, including the Simpson Desert and the Great Victoria Desert, Australia, and the Gobi Desert, China, also have surface microcolonies.
The microcolonies are generally less than 100 p.m in diameter and usually consist of spheroidal subunits approximately 5 p.m in diameter (Fig. 2, A to D) . Almost all of the microcolonies appear black or brown. Microcolonies are soft but can be removed with fine forceps.
The density of the microcolonial structures varies considerably from rock to rock and often from one area on a rock to another. For example, the microcolonies from the Mojave rock sample (Fig. IA,  top) are confined mostly to small fissures and crevices, where they are quite dense ( Fig. 2A) Samples from several different rocks from the western United States and Australia were harvested, fixed, and embedded for electron microscopy (4). Thin sections in each instance revealed that the 5-,um subunit structures were cellular (Fig. 2E) . The ultrastructure was typical of heterotrophic eukaryotic microorganisms; that is, mitochondria and membrane-bound nuclei were observed, but chloroplasts were not. In addition, concentric bodies indicative of the Ascomycetes have been observed in many of the cells.
Several of these microcolonial structures were grown by transferring them to Czapek's medium or to a soil extract medium (5) glass bottles (6). High rates of respiration were observed, but photosynthesis was not detected (lichen controls were positive for photosynthesis). Microcolonial structures were responsible at least in part for the activity. This was confirmed by selecting individual microcolonies from experimental and fixed controls from the respiration and photosynthesis experiments, mounting them on microscope slides with gelatin, and exposing them to autoradiographic film (7); microcolonies from the respiration experiments were always positive, whereas those from the photosynthesis experiments were negative.
Thus, desert rocks contain microcolonial structures whose morphology, ultrastructure, cultural characteristics, and carbon assimilative activity indicate that they are fungi. These microcolonial fungi are alive and metabolically active on the rock surfaces. The widespread occurrence and abundance of these fungi in certain desert areas suggests this may be a common mode of desert life.
Our results raise the question of the source of carbon and energy for the growth of these organisms. Unlike lichens and algae normally associated with desert rock surfaces, these organisms must rely on an external source of organic nutrients for growth, possibly For autoradiography, microcolonies were individually picked from rocks used in the labeling experiments. These were mounted on glass slides with gelatin. Medical x-ray film (GAFMED SR-2) was fastened to the slide surface so that the microcolonies were in direct contact with the emulsion. Controls included lichens for the photosynthesis experiments and the fixed specimens for the respiration experiments. The The nitrogen oxides, NO, (1), play a pivotal role in the chemistry of the atmosphere. In the upper troposphere, NO, may be the major source of 03 (2) . In In earlier studies our group investigated the nitrogen balance and the distribution of NO, reaction products in several urban atmospheres (3, 6) and in smog chamber simulations (7). Using inert tracer data and our measurements of the oxidized nitrogen (all the oxides of nitrogen) distribution in the Los Angeles area, Chang et al. (8) Fig. 1 . The position of the air parcel leaving Boston at 0800 EDT is shown for each hour to 1600 EDT. Three flights, 20 through 22, were conducted during this day. The sample collection intervals used in data analysis are shown as solid lines. These specific locations were chosen after initial "scouting" traverses through the plume because they 0 10 20 30 Statute miles
